Hypertension and cigarette smoking are leading causes of cardiovascular disease, including atherosclerosis, stroke, and coronary heart disease. [1] [2] [3] Nicotine-the ingredient that gives cigarettes their addictive property-acts as an adrenergic agonist, increasing heart rate and blood pressure by stimulating the release of catecholamine and vasopressin. 4 As a result, smokers typically have higher blood pressure compared to nonsmokers. [5] [6] [7] However, there is some evidence that current smokers show similar or even lower blood pressure than do nonsmokers, 8, 9 which obscures the chronic effects of tobacco smoking on blood pressure. This evidence indicates that the relationship between smoking and blood pressure is confounded by numerous factors associated with both smoking status and hypertension. Therefore, it is important to elucidate these factors.
Most extant literature has focused on the relationship between hypertension and smoking among smokers and nonsmokers; however, few studies have investigated the role of time to first cigarette (TTFC) in hypertension among current smokers. The TTFC, which is one of the items on the Fagerström Test for Nicotine Dependence, 10 is a strong and reliable measure of nicotine dependence 11 and associated with other aspects of smoking behavior, including difficulty in smoking cessation 12, 13 and smoking relapse. 14 Moreover, recent studies have shown that TTFC has a dose-response association with a range of negative indicators: For example, TTFC has been reported to be related to dyslipidemia 15 ; chronic obstructive pulmonary disease 16 ; asthma 17 ; and smoking-related cancers, including lung 18 and head and neck cancer. 19 Currently, little is known about whether TTFC is also associated with an increased risk of hypertension, even though cigarette smoking is known to be a major cause of cardiovascular disease. To design better smoking cessation programs for preventing cardiovascular risk, a more comprehensive understanding of TTFC is necessary.
In this study, using data from the Korea National Health and Nutrition Examination Survey (KNHANES)-a nationwide cross-sectional cohort with a nationally representative sample of the Korean population 20 -we investigated whether TTFC was significantly associated with the risk of hypertension among current daily smokers in the Korean adult population, independent of other smoking indicators (e.g., number of cigarettes per day [CPD] , smoking duration). We hypothesized that shorter TTFC (i.e., smoking sooner after waking in the morning) is associated with an increased risk of hypertension. Understanding the relationship between nicotine dependence and hypertension will aid in the development of novel therapies and/or behavioral strategies for addressing addiction and screening for the risk of hypertension.
METHODS

Study population
We obtained data from the KNHANES VII-I, which was conducted in 2016. The KNHANES uses a stratified, multistage probability sample of the civilian, noninstitutionalized Korean population. This survey, initiated as part of the National Health Promotion Act, is administered by the Korea Centers for Disease Control and Prevention (KCDC). The KCDC publishes Korea Health Statistics based on KNHANES data annually, and the raw data are publicly available through the KNHANES website (http://knhanes.cdc.go.kr). The survey protocol complied with the Declaration of Helsinki. Because the KNHANES datasets do not contain identifiable private information, all studies based on these data are exempt from institutional review board approval.
Of the 8,150 participants of the KNHANES VII-I (2016), we initially selected 963 individuals aged 19-79 years who smoked daily. We excluded participants who had missing data for blood pressure or smoking information, including TTFC, smoking duration, CPD, and pack-years. Finally, 941 participants were included in the final statistical analyses (Figure 1 ).
Measurements of clinical parameters and biochemical analysis
The KNHANES collects data on participants' sociodemographics, lifestyle behavior, physical illness, and family history using questionnaires and anthropometric measurements. Body mass index was calculated as the weight in kilograms divided by the square of height in meters (kg/m 2 ). Men who consumed ≥7 standard drinks of alcohol per day at least twice per week and women who consumed ≥5 standard drinks of alcohol per day at least twice per week were classified as high-risk drinkers.
Regular physical activity was defined as performing any of the following: (i) moderate physical activity for ≥150 minutes per week, (ii) intense physical activity for ≥75 minutes per week, or (iii) a mix of moderate and intense physical activities (1 minute of intense physical activity equals 2 minutes of moderate activity). Sleep duration was measured as the average sleep time per weekday. Sleep disturbance was assessed by the question, "How often have you been bothered by trouble falling or staying asleep or sleeping too much?" Participants who answered "nearly every day" were considered to have sleep disturbance. Diabetes mellitus was defined as (i) use of insulin or oral hypoglycemic agents, (ii) a physician's diagnosis of the condition, or (iii) a fasting plasma glucose of ≥126 mg/dl. Fasting plasma glucose was measured using venous blood samples obtained after ≥8 hours of overnight fasting. Participants were diagnosed as having hypercholesterolemia if their total cholesterol was ≥240 mg/dl or they were currently using anticholesterol agents. A family history of hypertension was defined as positive when a participant recollected having at least one parent who had ever been diagnosed with hypertension. Participants' monthly income was categorized into quartiles according to their equivalent household income as follows: lowest, lower-middle, upper-middle, or highest. Participants' education status was divided into 4 groups: (i) graduated from elementary school or lower, (ii) graduated from middle school, (iii) graduated from high school, or (4) graduated from college or higher. 
TTFC and smoking-related variables
TTFC was first surveyed in the KNHANES VII-I. It was assessed using the question, "How soon after you wake up in the morning do you smoke your first cigarette?" The 4 possible response categories were ≤5 minutes, 6-30 minutes, 31-60 minutes, and >60 minutes. Other smoking behavior was assessed by asking for their self-reported smoking duration (years), CPD, pack-years, and the mean age at first cigarette. The pack-year was calculated by multiplying the number of packs of cigarettes smoked per day by the number of years the person had smoked. The mean age at first cigarette was self-reported by the question, "How old were you when you smoked a whole cigarette for the first time?"
Definition of hypertension
Hypertension was defined as taking antihypertensive medications, having been diagnosed with high blood pressure by a physician, or having a mean blood pressure of systolic ≥140 mm Hg over diastolic ≥90 mm Hg. Blood pressure was evaluated 3 times using a mercury manometer and appropriately sized arm cuffs after participants had rested for 5 minutes in a seated position. We used the mean of the second and third measurements in the assessment of hypertension.
Statistical analyses
The data were weighted to allow for nationally representative prevalence estimates of the Korean population. The weights were calculated by accounting for the complex survey design, survey nonresponse, and poststratification. After weighting the data, participants were presumed to represent the Korean population. We compared the characteristics between the hypertensive and nonhypertensive groups using Pearson's chi-squared tests for categorical variables and generalized linear models for continuous variables. Data were expressed as means ± SDs or as median (interquartile ranges) for continuous variables and as percentages for categorical variables. We estimated the odds ratio and its 95% confidence interval (CI) for each TTFC category (i.e., 31-60, 6-30, and ≤5 minutes), with reference to a TTFC of >60 minutes, using multivariate adjusted logistic regression analyses. We also tested for a trend in the association between TTFC and hypertension using an ordinal TTFC. All analyses were performed using IBM SPSS Statistics 21.0 (IBMC , Armonk, NY), and P values of less than 0.05 were considered statistically significant.
RESULTS
Participants' characteristics
We analyzed the data from 941 smokers (812 men and 129 women). Among these, 303 (29.0%) were diagnosed with hypertension. The characteristics of the study participants with and without hypertension are shown in Table 1 . Of the participants with hypertension, 268 were male and 35 were female. Comparatively, among participants without hypertension, 544 were male and 94 were female. A greater proportion of participants with hypertension (29.2%) had a TTFC within 5 minutes compared to those without (25.7%). Participants with hypertension had a greater tendency to be older, had a higher body mass index, and were high-risk drinkers than did participants without hypertension; the reverse was true for performing regular exercise. There was no difference in sleep duration; however, sleep disturbance was more common in the hypertensive group. The prevalence rates of diabetes mellitus, hypercholesterolemia, and a family history of hypertension were all significantly higher in participants with hypertension compared to those without. In addition, household income and education level were lower in the hypertensive group than in the nonhypertensive group.
Association between hypertension and TTFC
As shown in Table 2 , in the fully adjusted model including age, sex, body mass index, smoking variables, alcohol consumption, physical activity, family history of hypertension, history of diabetes mellitus and hypercholesterolemia, sleep disturbances, household income, and education level (model 4), the odds ratios compared with TTFC of >60 minutes were 1.31 (95% CI = 0.68-2.50), 1.53 (95% CI = 0.81-2.86), and 2.11 (95% CI = 1.07-4.16), respectively, for TTFC of 31-60 minutes, 6-30 minutes, and ≤5 minutes (P trend = 0.03).
DISCUSSION
We examined the relationship between TTFC and hypertension among current daily smokers in a representative sample of Korean citizens aged 19-79 years. We found that shorter TTFC was associated with higher odds ratios of hypertension after adjusting for other established factors associated with smoking status and hypertension risk. Indeed, the odds of hypertension doubled when TTFC was ≤5 minutes compared to >60 minutes. Furthermore, other smoking behaviors thought to affect hypertension, such as CPD, years smoking, and pack-years, were not significant.
As noted earlier, TTFC has been largely absent from epidemiologic investigations of hypertension. Only a few studies have investigated the effects of TTFC on hypertension. For example, a study by Lee et al. 21 of 211 current smokers receiving a health checkup at one hospital found results consistent with our study concerning the relation between TTFC and hypertension. In addition, similar to our study, no significant differences were found in the number of smoking years or CPD between the hypertensive and nonhypertensive groups. However, the participants in Lee et al. 's study were all men examined at one hospital. To our knowledge, our study is the first to investigate the association between TTFC and hypertension in both sexes using a large nationwide representative cohort.
The mechanism underlying the relationship between TTFC and hypertension is currently unknown; however, there are several potential explanations. First, genetic factors that determine TTFC could also be involved in hypertension. Data are presented as estimated means ± SD (%; unweighted number) for categorical variables or estimated means ± SD for continuous variables. P values were obtained by Pearson's chi-squared test for categorical variables or general linear model analysis for continuous variables using a complex sample design.
a The age at first cigarette was self-reported by the question, "How old were you when you smoked a whole cigarette for the first time?" b Regular physical activity was defined as follows: (i) moderate physical activity for ≥150 minutes/week, (ii) intense physical activity for ≥75 minutes/week, or (iii) a mixture of both (1 minute of intense intensity = 2 minutes of moderate intensity).
c Defined as men who consumed ≥7 standard drinks of alcohol per day at least twice per week and women who consumed ≥5 standard drinks of alcohol per day at least twice per week.
d Defined as a response more than "almost every day" to the question, "How often have you been bothered by trouble falling asleep, staying asleep, or sleeping too much?"
For example, the flavin-containing monooxygenase gene, FMO3, is highly polymorphic and encodes the FMO3 enzyme, which metabolizes nicotine via N-oxidation in the brain. FMO3 polymorphisms have been found to determine heritable differences in nicotine N-oxidation and nicotine dependence, specifically TTFC, but not reduced cigarette consumption. 22 Simultaneously, functional variations in FMO3 are associated with an increased risk of hypertension, especially among smokers. 23 Therefore, TTFC or nicotine dependence might be a sign of a genetic risk for hypertension, rather than a cause of hypertension. Future studies are needed to investigate these associations to precisely estimate the genetic mechanisms.
Second, highly dependent smokers with a short TTFC tend to consume more cigarette-associated substances (e.g., nicotine, carbon monoxide, carcinogens) independently of the frequency of smoking or CPD. For example, previous studies have shown that severe nicotine dependence (as measured by a short TTFC) is related to higher daytime levels of cotinine and nicotine-specific carcinogens (i.e., 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol) even after controlling for CPD. 24, 25 These findings suggest that a shorter TTFC leads to a greater uptake of smoking-related toxic agents (e.g., nicotine, carbon monoxide, carcinogens). 26 This means that smokers with a shorter TTFC tend to be more exposed to free radicals such as superoxide anion and hydroxyl radicals that degrade the nitric oxide released from the endothelium, resulting in impairment of endotheliumdependent vasodilation. This contributes to arterial stiffness and changes in platelet function, which may play roles in the development of hypertension. 27, 28 Third, the relation between TTFC and hypertension might be mediated by sleep disturbance. As smokers with a shorter TTFC metabolize nicotine faster, they are likely to have more disturbed sleep due to greater overnight withdrawal (due to the decrease in blood nicotine levels during sleep), and have a greater drive to smoke upon waking. [29] [30] [31] [32] Further, the severity of nicotine addiction as assessed by TTFC has a dose-response relationship with sleep quantity and overall quality. 30 In addition, nicotine might have pharmacological effects on the central nervous system by stimulating the release of neurotransmitters (i.e., dopamine, serotonin, norepinephrine, acetylcholine, and γ-aminobutyric acid) that contribute to the regulation of sleep-wake cycles, which may contribute to sleep disturbances. 30 The resulting inadequate sleep can in turn lead to α1-adrenergic overdrive, which may impair cardiovascular regulation and increase the risk of hypertension. 33 Our findings have important implications for treating smokers with hypertension. Both smoking and hypertension are major risk factors of cardiovascular disease. Thus, to help prevent cardiovascular events in current smokers, it is necessary to repeatedly provide them with recommendations and stage-based strategies for smoking cessation. TTFC is a strong and reliable measure of nicotine dependence 11 and shorter TTFC predicts worse cessation outcomes 12, 13 and quicker smoking relapse. 14 Taken together with our findings, clinicians should be aware that hypertensive smokers are at greater risk of cessation failure than are nonhypertensive smokers. Additionally, clinicians should provide more intensive behavioral and pharmacotherapy interventions to hypertensive smokers during cessation attempts in order to prevent cardiovascular events. Furthermore, although future well-designed research is needed to corroborate our current findings, screening smokers based on their TTFC might be useful for assessing their risk of hypertension, as it may be more informative than smoking status alone in assessing cardiovascular risks.
A key strength of this study was its use of a nationwide representative sample. The availability of various measures of smoking and covariates (e.g., demographic characteristics, alcohol use, physical activity, and body composition) allowed us to investigate the association between TTFC and hypertension thoroughly.
This study also has some limitations. First, the cross-sectional design does not allow us to confirm a causal relationship between TTFC and hypertension; therefore, longitudinal studies are needed. Second, most participants were male, and there were very few female smokers with hypertension (n = 35). This can be attributed to the sociodemographic characteristics of Koreans-that is, the prevalence rates of smoking and hypertension are much lower in females than in males. On the basis of the data from KNHANES VII-I, the prevalence of smokers in South Korea over 19 years of age in 2016 was 40.7% for males but only 6.5% for females. In addition, the prevalence of hypertension among Koreans in 2016 was 35% for males and 22.9% for females. Thus, the results might not generalize to women. Given that smoking also has deleterious effects for women, future studies should include more female smokers. Third, diet pattern, a potential confounding variable, was not analyzed. Failure to adjust for an accurate estimate of sodium consumption might have influenced our findings; therefore, future researches could obtain more precise outcomes by including salt intake. Finally, this research was conducted entirely with South Korean respondents. Because smoking behavior and tobacco metabolism differ by race, 34, 35 similar studies should be conducted in other racial/ethnic groups, as well as with Asian smokers from other geographical areas.
In conclusion, TTFC is associated with hypertension in daily smokers. This means that shorter TTFC, especially TTFC ≤ 5 minutes, may prove valuable in assessing the risk of hypertension. Smokers who smoke soon after waking should be educated about their increased risk of hypertension, supported in attending smoking cessation therapy, or at least encouraged to delay their TTFC.
